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ABSTRACT

The ICE 250™ Cleaning System was engineered to convert water into small ice partides for usein deaning
and decontamination gpplications. Ice crystals are produced in a specia icemaker and pressured through
ahose-nozzle onto the surface to be cleaned. The Rocky Mountain Qilfield Testing Center (RMOTC) and
Ice Cleaning Systems, Inc. conducted atest of this system at Naval Petroleum Reserve No. 3 to evauate
the sygem’ s deaning cgpabilitiesin an ail fidd environment. Equipment deaned induded an oil Sorage tank,
arod pumping unit, aroad grader and a wellhead. Contaminants were unrefined sour crude ail, hydraulic
fluid, paraffin and dirt, occurring separatdly and as mixtures. In al four demondration cleaning tasks the ICE
250"™ System effectively removed surface contaminant mixtures in atimely manner and left no aily residue.
A minima amount of waste moisture was generated, thereby reducing cleanup and disposa codis.

INTRODUCTION

Ice Cleaning Systemsis an Indiana-based corporation that markets the | CE 2503 Cleaning Machine. The
corporation entered a Cooperative Research and Development Agreement (CRADA) with RMOTC to
demondtrate the effectiveness of the ICE 2503 Cleaning System in removing oil and grease from ol fidd
equipment. The primary scope of the field demondration was to clean avariety of oil fidd equipment in
order to document the effectiveness of the ICE 2503 Cleaning System in an ail field environment.

PRODUCT DESCRIPTION

The ICE 2503 Cleaning Machine converts water into smdl ice particles that are then used for cleaning and
decontamination gpplications. Ice crystas are formed in a specid icemaker housed within the main unit.
Using compressed air, the ice particles are forced through a hose to a blast-head (nozzl€) that directs the
crysds onto the surface to be cleaned. Theice particles exit the nozzle at the melting point of ice (32° F).
As these particles impact the contaminated surface and change from solid to liquid, they deform laterdly
to exert a shear force. This force removes contaminants in a non-abrasive manner. Chemicas or abrasves
are not added to the source water.

The ICE 250J Cleaning Machine requires apower source of 440 volts AC, three phase, a 30 amps. The
unit weighs 1,200 pounds with dimensons of 50°'L x 46"W x 54"H. The ice-making unit is a non-
chlorinated fluorocarbons (CFC) refrigeration system that uses water a amaximum rate of 25 U.S. gdlons
per hour. Ice particles are distributed using compressed air a arate of 100-250 pounds per square inch
per gdlon (psg) @ 250 standard cubic feet per minute (scfm). The system isdustless and nontoxic; specid
persond protective equipment is not required during operation, athough hearing protection is
recommended.



RMOTC TEST DESCRIPTION

Although the ICE 2503 Cleaning Machine has been used in chemica plants, pulp-paper plants, food
processing plants, and for genera indudtrid cleaning, it had not been tested in an ail field environment. On
August 18—19, 1999 RMOTC and Ice Cleaning Systems, Inc. conducted a demondration test of the ICE
2503 Cleaning Machine at Naval Petroleum Reserve No. 3 (NPR-3). The purpose of the test was to
evduate the ahility of the ICE 2503 Cleaning System to remove dirt, grease, unrefined crude oil and other
contaminants from various types of oil field equipment. Ice Cleaning Systems, Inc. provided a complete
cleaning system. RMOTC provided awater source for the icemaker and personnd to operate the cleaning
mechine.

The Ice Cleaning Systems, Inc. demondtration system consisted of the following equipment:

$ ICE 2503 Cleaning Machine

$ Set of high pressure hoses and nozzle assembly

$ Hosesto connect the icemaker to source water

$ Generator to provide eectrical power

$

Air compressor to supply pressure to nozzle assembly

The specific equipment used in the test operates at amaximum rate of 25 U.S. galons per hour, maximum
pressure of 250 psg, and a minimum temperature of 32°F.

The following items were cleaned during the demondtration:

$ 1,000 bbl il storage tank at Tendeep battery B-Tp-10

$ Jensen 57 pumping unit at Well 64-65-SX-10

$ Champion Modd 720A road grader

$ Waedlhead at Well 67-1-SX-3

The ail sorage tank waslightly coated with unrefined 30°AP! sour crude oil. The pumping unit was heavily
overlad with the same oil. The grader was covered with a mixture of spent hydraulic fluid and dirt. The

wellhead was coated with a mixture of crude oil, paraffin and dirt, hardened over the years by heat from
seamflooding operations.



DEMONSTRATION

Both days were sunny with ambient temperatures ranging from 70°F to 95°F. Winds were less than 5
MPH and there was no precipitation either day. A water truck with a 3,700 gallon capacity was used as
awater supply for the icemaker. RMOTC personnel mobilized the water truck and asssted Ice Clean
Sydems, Inc. personnd in connecting their equipment to the water supply and in setting up their systlem. lce
Clean Sygtems, Inc. personnd ingtructed RMOTC personnd in operating the | CE 2503 Cleaning System.
Personne from both organizations videotaped the demonstration.

Cleaning operations began with the 1,000 barrel (bbl) oil storage tank. This tank had been sprayed with
unrefined sour crude oil during a production upset. The origind tank paint, alight beige color, had been
completdly covered with athin layer of crude oil. Two pands, each measuring about 4' by 5', were cleaned
in gpproximatdy 20 minutes. Although the deaned surface had been permanently oil-stained by the ail saill,
the ICE 2503 Cleaning System removed dl surface oil and left the surface suitable for repainting.

The demondration on the pumping unit a Well 64-65-SX-10 was more griking. This unit had been coated
with sour crude oil during the same production upset thet affected the oil storage tank. The unit was deaned
beginning at the base, proceeding up the support legs and ending with the horse head. As cleaning began,
at the base of the unit, there was no noticeable pooling or collecting of water. Oil was quickly removed
over a 30-minute period. At the end of the cleaning process, it was observed that the unit was nearly
gpatless, there was no aily residue and aminima amount of waste had collected around the unit’ s base. No
paint was removed during the cleaning procedure.

Subsequent cleaning efforts on the road grader and the wellhead using the ICE 2503 system produced
smilar pogtive results.

WASTE DISPOSAL

Cleaning equipment using ice as opposed to steam or pressure washing aleviates waste disposd concerns
associated with cleanup operations. Although the mgority of oil field wastes are exempt under 40 CFR
261.4 (b)(5) even accumulation of exempt wastes may have a direct bearing on an operator’ s generator
status under the Resource Conservation Recovery Act (RCRA).

Operators do not want to store and treat large quantities of petroleum contaminated soils (PCS) formed
during spill events, or wastewater derived from tank and equipment cleanups. Before PCS can be reused
they must be sampled and tested for tota petroleum hydrocarbon content and landfarmed until the minimum
regulatory limit isreached. Treating soilsisonly dlowed in alandfarm permitted to recelve PCS, and only
those soils that can pass a paint filter test. Although ongite landfarming is an option, it requires specid
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permission from state regulatory agencies. Both storage and landfarming require additiona resources in
terms of personnd, equipment, outside testing services. Wastewater from tank and equipment cleaning
must be contained ongite until it can be disposed. Disposal methods include evaporation or injection in an
Underground Injection Control (UIC)-permitted well. Either option requires a commitment of labor,
equipment, and power resources. In either case, these direct costs to the operator, which in today’s
industry of smdl companies with reduced infrastructures and budgets the resources may not be available.

In dl four demongtrations cleaning jobs, the ICE 2503 Cleaning Machine produced very litlewaste. The
amount of observed resdua moisture from this system was smdl.

CONCLUSION

The test of the ICE 2500 Cleaning Machine demondrated that this technology effectively removes
unrefined crude oil and dirt from avariety of ail fidd equipment. The ICE 2503 Cleaning Machine did not
damage the surfaces or equipment cleaned. No specidized Ste or equipment preparation was required,
other than providing awater supply for the icemaker. Cleaning operations did not creste waste in sufficient
quantities to require any further disposal. The machine was safe, easy to operate and did not require
Specidized safety equipment.



DISCLAIMER

Thisreport was prepared as an account of work sponsored by an agency of the United States Government.
Nether the United States Government nor any agency thereof, nor any of their employees, make any
warranty, express or implied, nor assumes any legd ligbility or responghility for the accuracy, completeness,
or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would
not infringe privatdy owned rights. Reference herein to any specific commercid product, process, or sarvice
by trade name, trademark, manufacturer, or otherwise does not necessarily condtitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily State or reflect those of the United States
Government or any agency thereof.



